Despite decades of research efforts, the nature of the infectious agent causing scrapie and other Transmissible Spongiform Encephalopathies (TSE) remains an enigma. The protein-only prion hypothesis posits that an abnormal conformer of a host protein is the infectious agent. Virus and virino theories include host-independent nucleic acids in the genome of the infectious agent, in addition to the protein component (a host protein in the case of virino, and a viral protein in the case of a virus).
Viral or sub-viral nucleic acids have long been sought in scrapie to explain the existence of multiple agent strains. Despite a plethora of different approaches to the search, no scrapie-specific nucleic acid sequences have been found in infected cells or tissues.
Most viruses induce synthesis of long double stranded RNA (dsRNA) during their replication in cells, and thus the presence of long dsRNA would be an indication of viral infection in cells. J2 monoclonal antibody against long dsRNA is a useful tool for easy screening of cells and tissues for the presence of suspected viral infection; however, this antibody has not previously been used for testing of scrapie infected tissues.
Here, we present evidence for long dsRNA in scrapie infected cells and tissues. Such dsRNA is also found in scrapie free tissue culture cells. We believe this may be the first evidence of viral infection in scrapie susceptible and infected cells. 
Introduction
Transmissible Spongiform Encephalopathies are rare neurodegenerative brain disorders in both humans (e.g. Creutzfeldt-Jakob disease and Kuru) and animals (Scrapie in sheep, Bovine Spongiform Encephalopathy in cows and Chronic Wasting Disease in deer and elk), characterized by a long incubation period after initial infection. Once symptoms become apparent in humans, the disease progresses inevitably to death within weeks or months, and, to date, no treatment or early preclinical diagnostics are available.
The nature of the infectious agent causing these disorders remains unexplained. The most advertised, but not proven to date, prion protein-only theory simply states that the agent is nothing more than a misfolded host glycoprotein called prion protein 1 . How this single host protein "encodes" the numerous agent strains that have distinct clinical and pathological features remains to be demonstrated by prion scientists. The infectivity of recombinant prion protein misfolded in a test tube in a mixture with RNA and lipid and later injected into the animal brains was demonstrated a few years ago but was never reproduced independently in a laboratory free of contamination 2 . The statement that cell free replication of TSE infectivity in a test tube excludes the possibility of the agent being a virus 3 ignores the well known fact of human poliovirus replication in a cell free system 4 .
On the other hand, virino and virus theories claim that hostindependent nucleic acid is the genome of the infectious agent 5 . Virus theory states that the agent is a virus that has not been discovered yet 6 , while virino theory postulates that the agent is a chimera composed of a host-independent nucleic acid (the genome of the agent) and a host protein, probably the prion protein that protects the genome 7 . Obviously, nucleic acid-containing theories explain the existence of many agent strains since nucleic acid sequences are the only molecules known to-date that encode phenotypes of all living organisms including microbes, with the smallest among them being the nucleic acids of viroids and satellite RNAs of plant viruses (only few hundred non protein coding nucleotides) 8 . Despite decades of research efforts, no TSE-specific nucleic acid sequences have been found yet 9 , leading to the popular conclusion among many scientists that no such nucleic acid exists.
While many different approaches were undertaken to hunt for the elusive viral or subviral nucleic acid, surprisingly, the simplest and easiest of them was not employed. J2 monoclonal antibody recognizes double-stranded RNA (dsRNA) provided that the length of the helix is ≥ 40 bp 10 . Importantly, dsRNA-recognition is independent of the sequence and nucleotide composition of the antigen. All naturally occurring dsRNA investigated up to now (40-50 species) as well as poly(I)•poly(C) and poly(A)•poly(U) have been recognized by J2
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. In a systematic study of different viruses, J2 detected dsRNA in cells infected with positive-strand RNA viruses, doublestranded RNA viruses and DNA viruses, but not negative-strand RNA viruses 12 . This shows that most viruses induce synthesis of long double stranded RNA (dsRNA) during their replication in cells that can be detected by J2. Therefore, the presence of long dsRNA would be an indication of viral infection in cells. J2 antibody has not been used for testing of scrapie infected tissues and the first attempt is made in the present work. Immunoblotting J2 antibody was also used for immunoblotting of dsRNA, as described previously 13 . Crude RNA extracts from JFH1 Huh7, Huh7.5, PK1 and PK1/RML cells were size separated using nondenaturing TBE-polyacrylamide gel, transferred to positively charged Nylon membrane and immunoblotted with J2. Secondary anti-mouse antibody linked to HRP (horseradish peroxidase) and a substrate for it was used for visualization of the blots. Results showed the presence of replication intermediate-RI (upper part of the gel slot, black arrow) and replicative form-RF (seen as a strong band bellow RI, dark blue arrow) in JFH1 Huh7 that were both absent in Huh7.5 (Figure 2) . In PK1 and RML/PK1 in addition to dsRNA in the upper part of the gel slots several bands were seen including a duplet with a molecular weight much lower than that of RF of HCV replicon (Figure 2 ).
Methods/results

Immunofluorescence
Immunohistochemistry (IHC)
J2 antibody was recently used for successful detection of viral dsRNA in formalin-fixed paraffin-embedded tissues 14 . Here an attempt was made to detect dsRNA in 22L scrapie infected mouse brains fixed in Carnoy's solution and embedded in paraffin. Proteinase K treatment was used as described 15 , followed by inhibition in glycine (2mg/ml in nanopure water) and short post-fixation in formalin to expose dsRNA for detection. IHC detection of dsRNA in brains using J2 was done with a secondary system described in ref. 6 . Uninfected C57Bl/6 mice brains were used as control and brains of terminally sick C57Bl/6 mice infected with 22L strain of mouse scrapie were used for the experiment. As a result, dsRNA was detected in scrapie-infected brain predominantly in the cytoplasm of large neurons in the cortex ( Figure 3a ) and brainstem ( Figure 3b ). Nuclear staining was also detected in some neurons of the infected brain. In uninfected brain, nuclear staining of some Purkinje cells was detected in the cerebellum (Figure 3c ). Otherwise the staining in the control brain was largely absent. 
Discussion
Data presented here shows dsRNA is detectable by J2 antibody using immunofluorescence in scrapie susceptible and scrapie infected tissue culture cells. In contrast, it seems that only scrapie infected brain has dsRNA in the cytoplasm of some neurons. Immunoblotting shows long as well as short dsRNA bands in scrapie susceptible and scrapie infected tissue culture cells (Figure 2 ). Long dsRNA is not present in uninfected mammalian cells and can only be present as a result of viral infection. Therefore long dsRNA presence in scrapie susceptible as well as scrapie infected cells is a strong indication of viral infection of these cells. Shorter dsRNA bands also detected in these cells might point to the presence of subviral nucleic acids 16 . These data provide an experimental basis for speculation that scrapie agent could be a satellite nucleic acid of a silent and persistent virus that infects susceptible host cells. A virusoid (satellite RNA) in order to replicate would need a helper virus to be in every species and cell that is susceptible to infection. Gajdusek proposed such scenario four decades ago: "These viruses could be associated or satellite viruses which serve to activate or are themselves activated by some helper virus latent in the susceptible host"
17 .
In analogy to plant satellite RNAs
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, scrapie agents' nucleic acid can function via RNAi to silence host neuronal survival genes (e.g. bcl-2 anti-apoptotic group genes) and cause lethal disease due to its homology with host gene sequences.
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Figure 3. IHC detection of dsRNA in brains using J2 was done with a secondary system described in ref. 5 . Uninfected C57Bl/6 mice brains were used as control and brains of terminally sick mice infected with 22L strain of mouse scrapie were used for the experiment. (a). Mostly cytoplasmic and some nuclear staining can be seen in cortical neurons of infected brain. While staining is absent in uninfected control brain. (b). Similar staining pattern is observed in brainstem especially in large neurons. And again staining is absent in parallel uninfected control sections. (c). Some nuclei of Purkinje cells are stained in the cerebellum of both uninfected control and 22L infected brain.
Conclusion
For the first time experimental evidence is provided for the presence of long dsRNAs in scrapie infected cells and tissues. This is the strongest argument presented so far for the existence of a virus in scrapie infected cells and tissues. These molecules deserve sequencing and characterization of their relationship to scrapie agent and disease.
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"The panel for Huh7.5 non-infected cells is not depicted."
This panel is shown, and is the one on the right upper corner of Figure 1A .
"Additional immunofluorescence data or an immunoblotting data confirming the HCV replication in the infected cells should be added."
Immunoblotting data confirming the HCV replication in the infected cells is shown in Figure  2. [Two bands of dsRNA are detected in JFH1 Huh7 (RI and RF shown by black and dark blue arrows) which are absent in Huh7.5 cells].
"All these endogenous retroviruses produce structured dsRNAs that could be detected by this antibody."
All these retroviruses produce only partial dsRNAs, where dsRNA parts are not longer than 40bp, therefore they cannot be detected by the J2 antibody. If Dr Leblanc has published or unpublished data proving the contrary, I would sincerely ask him to recommend this work to us. Subsequently his next sentence -"So in this context, the detection of dsRNA in these -is also false, because the detection of dsRNA in these cells was cells are expected. unexpected and is not due to the presence of retroviruses, but is most likely due to the replication of a virus of non-retroviral origin.
"It should be considered that the persistence of a signal in scrapie infected cells after
There is RNAse treatment can be due to the interaction of of PrPSc with these viral RNAs." no such data shown in the paper. Instead it is shown in Figure 1C that dsRNA disappears from PK1 uninfected with scrapie cells after treatment with RNase A.
"Micro RNAs (miRNAs) can also be deregulated during scrapie infection and miRNAs (or pre-miRNAs) could be detected with this J2 antibody".
miRNAs can indeed be deregulated during scrapie infection, but they or pre-miRNAs cannot be detected by J2 antibody, since there are no dsRNA stretches longer than 40bp in either of them. miRNAs are no longer than 23-24 nucleotides, and they are not perfectly double stranded, but are only partially double stranded. The same applies to pre-miRNAs that are longer in length but do not have dsRNA stretches of longer than 40 bp in them.
"So in this context and through the data presented here, we cannot say that "this is the strongest argument presented so far for the existence of a virus in scrapie infected cells and tissues". Many other alternatives can be suggested."
There cannot be many other alternatives suggested, since no retroviral sequences can be detected by J2, for the reasons outlined above. And indeed we can say that this is the detected by J2, for the reasons outlined above. And indeed we can say that this is the strongest argument presented so far for the existence of a virus of non-retroviral origin in scrapie infected cells and tissues. We would welcome Dr. Leblanc's response to our clarifications on his comments. In fact, I found the answer to the question posed by Dr. LeBlanc in the published literature. That iswhether endogenous retroviruses expressed in N2a cells can be responsible for the positive staining with J2 anti-dsRNA antibody observed in this paper. And the answers is no, endogenous infectious Murine Leukemia Virus (MuLV), a retrovirus amplified and produced in mouse Neuro-2a neuroblastoma cells is not producing dsRNA detectable by J2.
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Indeed all Neuro-2a cells are producing infectious MuLV ( but when they are not infected with another virus https://www.ncbi.nlm.nih.gov/pubmed/16550601) of non retroviral origin, they are negative for J2 staining and are stained only when they are infected with a virus of non retroviral origin ( https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4206540/#SUP1).
So, the cells used in our experiments, which are susceptible to scrapie infection, are infected with a virus of non retroviral origin in addition to endogenous MuLV and this is the first evidence for the replication of such a non retroviral virus in scrapie susceptible as well as scrapie infected cells. This paper presents interesting data on a fact that has been ignored by many researchers working on the transmissible spongiform encephalopathies (TSEs) and that is the presence of virus-like particles in the experimental animal tissue samples.
For the first time, the J2 monoclonal antibodies against long dsRNA had been used in the scrapie infected tissue. The accumulations of the antibodies in cortical neurons of the infected brain seem to be present in contrast to the controls. This fact itself deserves attention and suggests further testing of the J2 monoclonal antibodies in TSEs. In the discussion section, the author suggests the satellite nature of the infectious agent without supporting evidence that comes from his experimental data. Nevertheless, it is still a viable reminder that such a possibility should not be ruled out at the present development in the field of TSEs research. The experimental approach that had been used is unique and deserves further experimental trails by other investigators since more has to be done to identify the nature of the infectious agent of TSEs. This work could be a valuable contribution to the discovery of its identity.
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I have read this submission. I believe that I have an appropriate level of expertise to confirm that it is of an acceptable scientific standard. The antibody was used to detect dsRNA by immunofluorescence in control JFH1 cells and cells infected with hepatitis C, and in PK1 cells that were or were not infected with a TSE strain. In this experiment the detection of antigen in the JFH1 cells was poorly demonstrated. However the PK1 cells showed high levels of immune-reactivity whether or not they were infected. Staining was reduced by RNAase A treatment, although in this case the untreated control showed poorer staining. Crude undenatured RNA extracts from these cells were also run on gels and immunoblotted with the J2 antibody. The antibody detected bands in the hepatitis C infected cells which were absent from the uninfected cells. The banding pattern differed between the Huh 7.5 cells and the PK1 cells. Although there are minor differences between uninfected and infected PK1 cell extracts no major difference was detected or commented on by the author.
In the third experiment control and TSE infected brain sections were subjected to immunohistochemistry In the third experiment control and TSE infected brain sections were subjected to immunohistochemistry using the J2 antibody. In this experiment some differences are observed between the control and TSE infected samples. However there are some weaknesses in presentation which compromise the assessment of these images. Firstly figure 3A is difficult to interpret because the colour of the sections from control brain are markedly different from those from the infected animal, which could be misleading. The author could consider trying to do some form of quantification of the numbers of positive cells within a defined field using a software package such as image J. Figure 3B is a better panel but again the colour balance between the negative and positive panels differs. Figure 3C is less convincing because the images are again poorly presented. It would have been helpful to present them with a similar and lighter colour balance, and with the same area in the same orientation. The use of the term "some cells" is imprecise and could be improved by conducting some quantification, e.g. by counting positive cells in a defined area (blind). Scale bars should be included throughout.
In summary, the results presented in the paper show J2 binding to antigen in cells and brain sections. There are differences between uninfected and hepatitis C infected cells and some indication of differences between control and TSE infected brain. However the results are very preliminary and much work will be required to substantiate these observations and establish their relevance.
based on data shown in all 3 figures. As far as cell cultures are concerned, indeed long dsRNA is present in both scrapie free and scrapie infected cells and this in no way undermines the claim "Long double stranded RNA is present in scrapie infected CELLS…". The brain tissue experiment is a single experiment and the purpose here was to do a pilot test and that is what the results show.
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